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Experimental Section S1. 1 
General experimental details
All experiments were performed under an atmosphere of dry argon using standard glovebox and Schlenk line techniques. Tetrahydrofuran, toluene and n-hexane were purified, dried, and degassed using an MBraun SPS800 solvent purification system. 1,4-Dioxane and 1,2-dimethoxyethane were dried over potassium and distilled under inert gas atmosphere. Deuterated tetrahydrofurane was purchased from Sigma Aldrich and used as received.
[K( [18] crown-6)][Cp*Fe(C10H8)] and L were synthesized according to literature procedures. [1] [2] CO2 (purity 4.8) was purchased from Linde Gas and used as received.
NMR spectra were recorded on Bruker Avance 300 and Avance 400 spectrometers at 300 K K and a Bruker Avance III HD 600 MHz spectrometer with a fluorine selective TBIF probe at 273 K. 1 H and 13 C{ 1 H} spectra were referenced internally to residual solvent resonances, while 31 P{ 1 H} and 31 P spectra were referenced externally to 85% H3PO4 (aq.). The assignment of 1 H and 13 C NMR signals was confirmed by two-dimensional (COSY, HSQC, and HMBC) experiments. Solid state 31 P MAS-NMR spectra were recorded with a Bruker 400 MHz spectrometer.
UV/vis spectra were recorded using a Varian Cary 50 spectrometer. Elemental analyses were determined by the analytical department of the University of Regensburg. IR spectra were recorded using a Bruker ALPHA spectrometer equipped with a diamond ATR unit.
Single-crystal X-ray diffraction data were recorded on an Agilent Technologies SuperNova diffractometer with Cu-Kα radiation (λ = 1.54184 Å). Either semi-empirical multi-scan absorption corrections [3] or analytical ones [4] were applied to the data. The structures were solved with SHELXT [5] and least-square refinements on F 2 were carried out with SHELXL. [6] The hydrogen atoms were located in idealized positions and refined isotropically with a riding model. CCDC 1942537 (for 1-σ), 1942538 (for 2), 1942550 (for 3-σ), and 1942542 (for 3-π) contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from the Cambridge Crystallographic Data Centre.
S1.2 Synthesis of 1
A solution of L (200 mg, 0.62 mmol, 1 eq.) in 1,2-dimethoxyethane (4 mL) was added dropwise to a solution of [K( [18] 3 .25 (s, 24H, [18] crown-6), 6 .20−10.45 (m, 16H signals for L of 1-σ and 1-π). 13 (typically ca. 8%), which are presumed to arise from protonation of 1 by adventitious moisture. [7] 
S1.3 Synthesis of 2
A solution of L (100 mg, 0.31 mmol, 2 eq.) in toluene (2 mL As for compound 1, samples of 2 prepared in the above manner were found to contain trace impurities, and specifically side-products endo-4 and exo-4 (typically ca. 1%). [7] S4
S1.4 Synthesis of 3-σ and 3-π
Stoichiometric conversion of 1 and CO2 leads also to 3-σ and 3-π, but leads also to more hydrolysis side products endo-4 and exo-4, due to opening of the reaction vessel and adding CO2 via syringe. It is advisable to keep the reaction mixture in a closed system.
A sealed vessel containing a solution of 1 (100 mg, 0.122 mmol) in tetrahydrofuran (3 mL) was charged with CO2
(1 atm). An immediate colour change from purple to deep green was observed, and the reaction mixture was stirred for 30 minutes at room temperature. The solvent was removed under vacuum, and the resulting green oil was washed with n-hexane (3 x 2 mL). The remaining residue was extracted with toluene (3 mL), layered with nhexane (6 mL), and stored at room temperature for 7 days. The mother liquor was then decanted from the resulting orange powder.
Isolation of 3-π:
A small amount of orange powder was isolated and dried under vacuum to give 3-π. This sample was used for spectroscopic characterization The 1 H NMR spectrum of 3-π isolated in this manner shows minor impurities with signals at 1.13 ppm and 3.86 ppm, which is believed to account for deviations in the elemental analysis. Crystals suitable for single-crystal XRD were grown by slow diffusion of n-hexane into a 1,4-dioxane solution of 3-π. 
Isolation of 3-σ:
The decanted mother liquor was evaporated to dryness, and the remaining residue was extracted into tetrahydrofuran (3 mL) and layered with n-hexane (6 mL S23 S5 X-ray Crystallographic Data Table S1 . Crystallographic data and structure refinement of 1-σ, 2, 3-σ and 3-π. 
S2.6 31 P{ 1 H} NMR monitoring of the formation of 1-σ and 1-π at 273 K

DFT Calculations
S6.1 General methods
All calculations were carried out with the ORCA program package. [9, 10] All geometry optimisations were performed at the BP86-D3BJ/def2-TZVP [11] [12] [13] [14] [15] level of theory in the gas phase. Frequency calculations were carried out to confirm the nature of stationary points found by geometry optimisations. Density fitting techniques, also called resolution-of-identity approximation (RI), [16] were used for GGA calculations, whereas the RIJCOSX [17] approximation was used for TPSSh calculations. To save computational cost the phenyl groups at the 4-position of the phosphinine moiety of ligand L were replaced by hydrogen atoms, and [K( [18] crown-6)] + countercations were omitted. Approximate transition states were generated using the nudged elastic band (NEB) method implemented in ORCA, followed by a saddle-point optimisation.
S6.2 Isomerisation of complex 1
Final single-point calculations on the BP86 geometries were conducted at the TPSSh-D3BJ/def2-TZVP level of theory and zero-point energies and thermal corrections at 298 K were added from the BP86 calculations.
Additionally, final single-point calculations of the calculated minima and transition states were carried out with the CPCM [19] model for THF at the TPSSh-D3BJ/def2-TZVP level.
The isomerisation of 1-π to 1-σ proceeds via a two-step mechanism. First, the intermediate 1-int is formed, in which the Cp*Fe moiety 'slips' from η 4 to η 2 coordination to the phosphinine moiety, with concomitant formation of a new Fe-N interaction. Subsequent reorientation of the phosphinine switches it from a πto a σcoordination mode, providing the final isomerised complex ( Figure S33 ).
1-π
Figure S33 -Optimised structures for the isomerisation of 1-π to 1-σ. Energies are given in kcal•mol −1 relative to the optimised structure of 1-π. Energies in brackets correspond to electronic energies with solvent correction (TPSSh-D3BJ/def2-TZVP CPCM(THF)).
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S6.3 Formation and electronic structure of compound 2
The reaction between 1-π and L in the gas phase involves two steps (energies were obtained at the TPSSh-D3BJ/def2-TZVP [18] level of theory): the activation barrier-free formation of the Van-der-Waals complex VdWπ-L, and subsequent P−P bond formation yielding 2. The respective transition state TS-π-L has a low energy ( Figure S35) , consistent with the experimental observation of rapid formation of 2 at room temperature.
The highest occupied molecular orbital (HOMO) of 2 strongly resembles the HOMO of the phosphacyclohexadienyl anion ( Figure S35 ). Additionally, inspection of the molecular orbitals of 2 ( Figure S36) revealed a 3d 6 configuration at the iron center. Therefore, 2 can be described as an iron(II) complex with an η 6coordinating, dianionic di(phosphacyclohexadienyl) ligand. Thus, the formation of 2 could formally be regarded as a redox reaction. 
VdW
S6.4 Reactions of 1-π and 1-σ with CO2
To account for solvent effects, final single point calculations of the calculated minima and transition states were carried out with the CPCM [19] model for THF at the TPSSh-D3BJ/def2-TZVP level.
In the case of 1-π, the first step of the mechanism involves the activation barrier-free formation of the van-der-Waals complex VdW-π-CO2, followed by the exothermic formation of 3-π via an energetically low-lying transition state TS-π-CO2 (+5.5 kcal•mol −1 , Figure S37 ). Note that for these calculations the [K( [18] crown-6)] + countercation has been omitted for the sake of computational efficiency; they therefore do not account for any addition electrostatic stabilisation as a result of K•••O-C interactions (as observed in the solid state for 3-π).
In the case of 1-σ, the first step involves the activation barrier-free coordination of CO2 at the iron atom forming intermediate VdW-σ-CO2. Subsequently, VdW-σ-CO2 undergoes CO2 cleavage via transition state TSσ-CO2 to form 3-σ in a very strongly exothermic reaction. As for 1-π, the activation barrier for this process is very small (+3.5 kcal•mol −1 , Figure S37 ), in agreement with the instantaneous reaction observed experimentally. 
Vdw
S6.5 Electronic structure of 3-σ
Because the analysis of the Kohn-Sham orbitals of 3-σ was not as straightforward as for 2, CASSCF/def2-TZVP calculations with ten electrons in seven orbitals were carried out in order to obtain an insight into the electronic structure and bonding in 3-σ. To aid convergence, the CASSCF calculation was carried out including six roots.
The 
S6.6 Cartesian coordinates of optimised structures
